To determine if a transient increase in uterine blood flow (BF) and estradiol-173 (E23) secretion occurs during maternal recognition of pregnancy in ewes (as previously observed for sows and cows), 40 nonpregnant (NP) ewes were assigned in equal numbers to surgery on d 9, 11, 13 or 15 postestrus (d 0 = day of estrus). For 20 NP ewes (five/day), each uterine horn (UH) was flushed with saline and uterine flushings (UF) collected. For the remaining 20 ewes, BF was determined for each UH using electromagnetic transducers, and samples of uterine arterial (UA) and uterine venous (UV) blood were obtained from each UH. After art intervening cycle, each ewe was mated, subjected to surgery on the same day postmating as during her previous nonmated cycle, and BF measurements and UA and UV samples were obtained. In addition, each UH of pregnant (P) ewes was flushed and the location of conceptuses was determined. Concentrations of E23 and progesterone (P4) in UA and E23 in UV and UF were determined by radioimmunoassay. For NP ewes, BF (ml/min) was not different for UH ipsilateral or contralateral to the ovary bearing the corpus iteum (CL), and did not differ across days, averaging 6.5 + .4. For P ewes, BF to UH contralateral to the ovary bearing the CL on all days and BF to UH 
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Summary
To determine if a transient increase in uterine blood flow (BF) and estradiol-173 (E23) secretion occurs during maternal recognition of pregnancy in ewes (as previously observed for sows and cows), 40 nonpregnant (NP) ewes were assigned in equal numbers to surgery on d 9, 11, 13 or 15 postestrus (d 0 = day of estrus). For 20 NP ewes (five/day), each uterine horn (UH) was flushed with saline and uterine flushings (UF) collected. For the remaining 20 ewes, BF was determined for each UH using electromagnetic transducers, and samples of uterine arterial (UA) and uterine venous (UV) blood were obtained from each UH. After art intervening cycle, each ewe was mated, subjected to surgery on the same day postmating as during her previous nonmated cycle, and BF measurements and UA and UV samples were obtained. In addition, each UH of pregnant (P) ewes was flushed and the location of conceptuses was determined. Concentrations of E23 and progesterone (P4) in UA and E23 in UV and UF were determined by radioimmunoassay. For NP ewes, BF (ml/min) was not different for UH ipsilateral or contralateral to the ovary bearing the corpus iteum (CL), and did not differ across days, averaging 6.5 + .4. For P ewes, BF to UH contralateral to the ovary bearing the CL on all days and BF to UH This study partially fulfills requirements for the Ph.D. degree for L.P.R. Journal Paper No. J-11042 of the Iowa Agr. and Home Econ. Exp. Sta., Ames; Projects 1994 Projects , 2443 Projects and 2444 2Appreciation is expressed to D. A. 
I ntroduction
The embryonic "signal" that initiates tuteal maintenance occurs on about d 12 postmating in the ewe and sow (Moor and Rowson, 1966; Dhindsa and Dziuk, 1968) and d 16 postmating in the cow (Northey and French, 1980) . Coincident with pregnancy recognition, a transient increase in blood flow (BF) is observed only for the uterine horn containing the conceptus(es) in cows and unilaterally pregnant sows (Ford and Christenson, 1979) . This increase in BF to the gravid uterine horn is associated with elevated estradiol-17/3 levels in uterine luminal fluid and venous blood of both species (Ford et al., 1981) . Administration of estradiol-17/3 induces uterine vasodilation in cows (Roman-Ponce et al., 1978) and sows (Van Orden et al., 1983) .
Estradiol-17~ also stimulates increased uterine BF in ewes (Killam et al., 1973) . In vitro production of estrogens by ovine conceptuses during early pregnancy could not be demonstrated (Gadsby et al., 1980) . However, levels of estradiol-17fl in the uterine lumen and uterine arterial and venous blood have not been evaluated.
For ewes on d 15 postmating, Ford et al. (1976) observed a diminished vasoconstrictor 423 JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 2, 1984 response of uterine arteries ipsilateral, but not contralateral, to the ovary bearing the corpus luteum (CL), suggesting a local influence of the CL on mediating conceptus-induced uterine vasodilation. Greiss and Anderson (1970) observed a transient increase in uterine BF between d 13 to 15 postmating for some of the ewes in their study. Others, however, have been unable to demonstrate this transient increase in uterine BF (Fleet and Heap, 1982) . The results of Fleet and Heap (1982) may have been obtained because blood flow was only recorded for the nonluteal, nonpregnant uterine horn.
This study was therefore conducted to determine the influence of the conceptus and the ovary bearing the CL on BF to each uterine horn, and to determine uterine arterial, venous and luminal concentrations of estradiol-173 before, during and after maternal recognition of pregnancy in the ewe.
Materials and Methods
Experimental Procedures. Multiparous crossbred ewes were checked for estrus twice daily (0730 and 1730 h) using a vasectomized ram, and only ewes exhibiting estrous cycles of normal duration (15 to 18 d) were used. Twenty ewes (Group 1) were assigned randomly, in equal numbers, to surgery on d 9, 11, 13 or 15 postestrus (d 0 = day of estrus). Feed and water were withheld from ewes for 24 h before surgery. At surgery, a catheter was inserted into a jugular vein and general anesthesia was induced by infusion of pentobarbital sodium s (26 mg/kg). Surgical anesthesia was maintained by supplemental infusion of pentobarbital (32 to 65 mg) as necessary. The uterus and ovaries were exposed through a midventral incision and the location of CL was recorded. An electromagnetic flow transducer was implanted around the middle uterine artery supplying each uterine horn, as previously described (Ford and Christenson, 1979) , with care being taken to minimize trauma to the arteries. The uterus was then covered with a sterile towel soaked in sterile .9% NaC1. Once the recordings had stabilized (usually within 5 to 10 min), BF (ml/min) for each uterine horn was recorded at 15-s intervals throughout a 10-rain period and the average of these values was taken as an s Fort Dodge Labs., Inc., Fort Dodge, IA. estimate of BF for that uterine horn. After BF measurements were taken, the electromagnetic transducer was removed from the artery. A polyvinyl catheter was then placed in a branch of the uterine artery and a branch of the uterine vein supplying and draining each uterine horn, respectively. Simultaneous samples of uterine arterial and uterine venous blood were obtained from each horn, and plasma was stored at -20 C. After surgery, ewes in Group 1 were chekced for estrus twice daily throughout the experiment. These ewes were allowed one intervening estrous cycle and were then mated to an intact ram at the second postsurgical estrus. Each ewe was subjected to surgery on the same day postmating as during her previous nonpregnant treatment cycle. Surgical procedures used to obtain uterine BF measurements and uterine arterial and venous blood samples were identical to those described for the nonpregnant cycle. After collection of uterine arterial and venous blood samples, each uterine horn was isolated with a tissue clamp at its junction with the uterine body and flushed with 5.0 ml of sterile .9% NaC1 to obtain conceptuses and uterine flushings. Conceptus tissue was recovered from 17 of 20 mated ewes. Because of the fragile nature of the tissue, conceptuses were not separated from uterine flushings, but were dispersed by repeatedly filling a syringe and forcing the uterine flushings through a 20-gauge hypodermic needle. Uterine flushings were stored at -20 C. Samples and BF recordings obtained from the three mated ewes (one d 9 and two d 11) from which no conceptus tissue was recovered were discarded. Samples of uterine arterial and venous blood were not obtained from one ewe on d 13 of pregnancy.
To avoid the possibility of uterine infection and maximize conception rates, uterine flushings were not obtained from the 20 ewes in Group 1 at their nonpregnant treatment surgery. A second group of 20 ewes (Group 2) was therefore assigned randomly, in equal numbers, to surgery on d 9, 11, 13 or 15 postestrus. Procedures for induction and maintenance of surgical anesthesia were identical to those described above. The uterus and ovaries were exposed through a midventral incision. A uterine horn ipsilateral to an ovary bearing CL was then flushed, in a manner identical to that described for mated ewes in Group 1, and flushings were stored at -20 C. No further data were collected from these ewes.
Estradiol Radioimmunoassay. Two milliliters of uterine arterial or venous plasma were extracted, chromatographed and assayed for estradiol-1713 exactly as previously described and validated for porcine and bovine plasma in this laboratory (Magness and Ford, 1982; Ferrell et al., 1983) . The sensitivity of the assay, defined as the estradiol-1713 standard that yielded 95% of the cpm in the buffer control tubes, was -----2 pg. The precision and accuracy of this procedure were evaluated by adding 2.5, 5.0, 12.5 and 25.0 pg of estradiol-17/3 to a pool of plasma from ovariectomized ewes on a pg/ml basis. Each standard plasma was assayed four times and the estradiol-17/3 concentration of the plasma blank was subtracted. The resulting estradiol-1713 concentrations (pg/ml + SE) were 2.8 + .4, 4.6 + .4, 12.7 + .6 and 26.9 + .7. Within-assay variability was determined by assaying replicates (n = 5) of a pool of systemic plasma from ewes in one assay. The resulting concentration (+ SE) of estradiol-1713 was 4.2 + .1 pg/ml (coefficient of variation, CV = 6.8%). Between-assay variability was determined by assaying a pool of plasma from ovariectomized ewes, to which estradiol-17/3 (20.0 pg/ml) had been added, in each assay (n = 7). The resulting concentration (after subtraction of the plasma blank) was 21.6 + 1.1 pg/ml (CV = 13.5%).
Two milliliters of each uterine flushing of pregnant (P; Group 1) and nonpregnant (NP; Group 2) ewes were extracted, chromatographed and assayed for estradiol-17/3 by the same procedure used for plasma. Precision and accuracy were evaluated by adding 10.0, 25.0, 50.0 and 100.0 pg of estradiol-1713 to a uterine flushing pool on a pg/ml basis. Each standard flushing was assayed four times and the estradiol-1713 concentration of the flushing blank subtracted. The resulting estradiol-17/3 concentrations (pg/ml + SE) were 11.5 + .1, 25.2 + .8, 49.0 -+ 1.3 and 106.4 + 2.4. Within-assay variability was determined by assaying replicates (n = 4) of a uterine flushing pool in one assay, and between-assay variability was determined by assaying the same flushing pool in each assay (n = 3). The resulting concentrations (+ SE) and CV for within-and between-assay variability were 10.2 + .3 pg/ml (CV = 5.8%) and 10.0 -+ .6 pg/ml (CV = 10.4%), respectively. The concentration of estradiol-17/3 in each flushing was adjusted from pg/ml of flushing to pg/uterine horn.
Progesterone Radioimmunoassay. The concentration of progesterone in uterine arterial plasma of ewes was determined using a procedure previously reported and validated in this laboratory for porcine and bovine plasma (Magness and Ford, 1982; Ferrell et al., 1983) . Sensitivity of the assay was defined as the amount of progesterone standard that yielded 95% of the cpm in the buffer control tubes and ranged from 50 to 80 pg. The precision and accuracy of the procedure were evaluated by adding .50, 1.00, 2.50, 5.00 and 10.00 ng of progesterone to a pool of plasma from ovariectomized ewes on a ng/ml basis. Each standard plasma was assayed four times and the progesterone concentration of the plasma blank was subtracted. The resulting progesterone concentrations (ng/ml + SE) were .67 + .44, 1.30 + .54, 3.10 + .80, 6.27 + .21 and 10.97 + .21. Within-assay variability was determined by assaying replicates (n = 4) of the plasma pool from ovariectomized ewes in one assay. The resulting concentration (+ SE) was .29 -+ .01 ng/ml (CV --7.0%). Between-assay variability was determined by assaying the same plasma pool, to which progesterone (10.00 ng/ml)had been added, in each assay (n = 3). The resulting concentration (+ SE) and CV were 9.15 -+ .25 ng/ml and 3.9%.
Statistical Analysis. Data for uterine BF, and uterine arterial and venous concentrations of steroid hormones for ewes during the estrous cycle and early pregnancy (Group 1) were analyzed by split-plot analysis of variance (Kirk, 1968) . Differences between means were evaluated using orthogonal contrasts (Kirk, 1968) . Content of estradiol-1713 in uterine flushings of P (Group 1) and NP (Group 2) ewes was compared using a combined analysis of variance with conservative degrees of freedom (Cochran and Cox, 1957) . All data are reported as the mean + SE.
R esu Its
There was no effect of surgery on estrous cycle lengths of ewes in this study. Presurgical cycles averaged 16.2 + .1 d, whereas surgical and postsurgical estrous cycle lengths averaged 16.3 + .1 d.
Uterine Blood Flow. During the estrous cycle of ewes in Group 1, BF (ml/min) was not different between uterine horns contralateral or ipsilateral to the ovary bearing the CL, and did not differ across the days measured, averaging 6.5 + .4 (table 1). During the subsequent pregnancy, BF to uterine horns contralateral to the ovary bearing the CL on all days measured, and BF to uterine horns ipsilateral to the ovary bearing the CL on d 9, were not different from BF to either uterine horn during the estrous cycle, averaging 6.8 + .6. However, on d 11, 13 and 15 of pregnancy, BF to uterine horns ipsilateral to ovaries bearing CL averaged 13.3 -+ .9 and was elevated (P<.O1) by twofold compared with BF of ipsilateral uterine horns on d 9 or BF of contralateral uterine horns on any of the days studied (table 1) .
This elevation in BF ond 11, 13 and 15 was observed only for uterine horns that contained a conceptus and that were also ipsilateral to an ovary bearing CL. Blood flow was not elevated for uterine horns that contained a conceptus and were contralateral to an ovary bearing CL. Four ewes on each of d 13 and 15 postmating had two CL, and in all cases an embryo was present in each uterine horn. For those ewes with both CL located in the same ovary (n = 6), BF was elevated (P<.O1) only for the ipsilateral and not the contralateral uterine horn (13.9 -+ 1.2 vs 5.8 + .8). When one CL was located on each ovary (two ewes), BF was not different between uterine horns and averaged 8.5 + 1.2.
Estradiol-17/3 and Progesterone in Uterine
Arterial and Uterine Venous Blood. Concentrations of estradiol-17fl were similar in uterine arterial and venous plasma (table 2) and were not different between uterine horns contralateral or ipsilateral to ovaries bearing CL. In addition, the magnitudes and patterns of estradiol-17fl in plasma were similar during the estrous cycle and early pregnancy (table 2) . Concentrations of estradiol-173 increased (P< .01) from d 9 to 11, increased further (P<.05) from d 11 to 13, then remained constant to d 15 postestrus or postmating. During the estrous cycle, concentrations of progesterone in uterine arterial plasma were similar on d 9, 11, and 13, then declined (P<.01) by d 15 (table 3) . Concentrations of progesterone in uterine arterial plasma on d 9 and 11 of the subsequent pregnancy were not different from those observed on d 9 and 11 of the estrous cycle. However, on d 13 and 15 of pregnancy, the levels of progesterone in uterine arterial plasma were elevated (P<.05) compared with those on d 9 and 11, and were greater (P<.01) than levels observed on d 13 and 15 of the estrous cycle (table 3) .
Estradiol-i 73 in Uterine Flusbings.
For the content of estradiol-17fl in uterine flushings, there was no effect of day and no day x status (NP vs P) interaction. Content of estradiol-17/3 in uterine flushings of P ewes did not differ between uterine horns, and was greater (P<.05) than the content of estradiol-17fl in flushings of NP ewes (35.2 + 2.1 vs 16.7 + 2.4 pg/uterine horn).
Discussion
In this study, blood flow to uterine horns ipsilateral to ovaries bearing CL exhibited a twofold increase by d 11 postmating, which is approximately 24 h before maternal recognition of pregnancy (Moor and Rowson, 1966) and is similar to the two-to threefold increase in uterine BF observed at the time of pregnancy recognition in sows (Ford and Christenson, 1979) and cows . Mapletoft et al. (1976) demonstrated that the luteotropic effect of the ovine conceptus was exerted through a local vascular pathway from the gravid uterus to the ovary. Thus, the increase in uterine BF at or just before maternal recognition of pregnancy may function to enhance transport of a conceptus-induced luteotropin to the ovary bearing the CL. This concept is supported by the observation that progesterone levels in uterine arterial plasma were elevated in P compared with NP ewes by d 13. A similar increase in systemic progesterone levels coincident with maternal recognition of pregnancy has been reported for sows (Magness et al., 1983) and cows . The content of estradiol-17/3 in the uterine lumen of P ewes was elevated by d 9, which was before the increase in uterine BF was observed. Estrogens stimulate increased uterine BF in the sow, cow and ewe (see Ford, 1982 for review) . Estrogens in the uterine lumen may, therefore, be responsible for the increased uterine BF observed during early pregnancy. Although no venous-arterial difference in estradiol-17/3 was observed in the present study, that does not eliminate the possibility that estrogens may be transported from the gravid uterus by another route. Magness and Ford (1982) reported that concentrations of estrone and estradiol-17~ were greater in lymph draining uterine horns of P gilts than in NP gilts.
Blood flow to uterine horns of P ewes was elevated only ipsilateral to ovaries bearing CL, regardless of location of the conceptus and even though estradiol-17/3 content was similar between uterine horns. Pope et al. (1982) observed greater concentrations of progesterone in uterine arterial tissue of cows on the side ipsilateral to the ovary bearing CL compared with the contralateral side, and exposure to progesterone has been shown to augment the contractility of arterial smooth muscle (Kalsner, 1969; Ford et al., 1977) . Ford et al. (1976) observed that uterine arterial segments removed ipsilateral to the ovary bearing the CL of NP ewes or cows exhibited greater vasoconstriction to sympathetic nerve stimulation than arteries from the contralateral side. Although vasoconstrictor activity differed, blood flow was similar for uterine horns ipsilateral or contralateral to the ovary bearing CL of NP ewes (present study) or cows . During early pregnancy, the vasoconstrictor response of uterine arteries ipsilateral to the ovary bearing CL was reduced to a level similar to that of uterine arteries from the contralateral side (Ford et al., 1976) . In addition, these researchers observed that intraluminal perfusion of a conceptus brei was able to reduce vasoconstrictor activity of ipsilateral uterine arteries to the level observed for contralateral uterine arteries. Thus, uterine arteries that had been exposed to elevated local concentrations of progesterone, and therefore had a high level of sympathetic tone, were able to respond to the conceptusinduced vasodilatory factor(s). The increase in BF to uterine horns ipsilateral to the ovary bearing CL of P ewes in this study is similar to the increase in uterine BF previously observed for sows (Ford and Christenson, 1979) and cows during maternal recognition of pregnancy. It is possible that a substance, possibly estradiol-17/3, produced by the conceptus or early gravid uterus may act locally to reduce vascular sympathetic activity with subsequent changes in BF to the uterus and(or) ovaries; thus serving as one mechanism by which the maintenance of pregnancy is ensured.
